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Abstract 



An oscillating universe model is discussed, in which the singularity of the initial state of the universe 
is avoided by postulating an upper limit on spacetime curvature. This also results in the devising of 
the simplest possible structure - a primitive particle (usually called preon), which can be considered 
as the basic constituent of matter that have no properties except for the property of carrying a unit 
chromoelectric charge. The SU(3)xU(l)-symmetry of its field results in the emergence of a unique set of 
structures reproducing exactly the observed variety of the fundamental fermions and gauge bosons. The 
discussed scheme allows finding answers to many fundamental questions of the standard particle physics 
and cosmology based on a very few primary constituents. 



(in Russian) 
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AHHOTaijHa 

06cyacflaeTca MOflejib ocHHJi.nHpyioiH;eH BcejieHHoii, b KOTopoii OTcyTCTByeT CHHryjiapHOCTb Ha- 
najibHoro cocToaHHa 3a c^eT nocTyjinpoBaHHa orpaHiineHiia Ha KpiiBH3Hy npocTpaHCTBa-BpeMeHH. 
9to TaKace npHBOflHT k npocTpaHCTBeHHO-BpeMeHHoft CTpyKType, KOTopaa mojkct paccMaTpHBaTbca 
b Ka^ecTBe npocTeiiniero KOMnoHema MOflejin KOMno3iiTHbix ajieMeHTapHbix HacTiin, (o6bi x iho Ha3ti- 
BaeMoro npeoHOM) 11 y KOTopoii OTcyTCTByiOT KaKHe-jin6o CBoiicTBa, 3a HCKjnoMeHiieM CBoiicTBa o6jia- 
flamia eflHHHHHbiM xpoMOSJiGKTpiiMecKHM 3apaflOM. CiiMM6Tpiia SU(3)xU(l) nojia 3TOH npocTeftnieft 
HacTHn;bi npiiBOfliiT k (popMiipoBaHiiio Ha6opa CTpyKTyp, efliiHCTBemibiM o6pa30M BOcnpoH3BOflamero 
Ha6jiK>flaeMbiii b npiipofle Ha6op cpyHflaMeHTajibHbix cpepMHOHOB h Kajin6poBO x nibix 6o30hob. 06cyjK- 
flaeMaa cxeMa no3BOJiaeT OTBeTHTb Ha MHorne npo6jieMHbie Bonpocbi CTaHflapTHOit MOflenn sjieivieH- 

TapHblX HaCTHH, H KOCMOJIOrHH OnHpaaCb BCerO JIHOIb Ha HeCKOJIbKO HCXOflHblX npHHUHnOB . 

1 BBe^eHne 

B noane^HHe ro,a;M CTapaa m^esi ocinijuinpyiomeH BcejieHHoii (T] nojiynnjia HOBoe pa3BHTne nocjie ny6- 
jiHKau,HH cepnn pa6oT IHTeiiHxapflTa h Typoxa [2], b KOTopbix oniicbiBaeTca MO^ejib, Hcnojib3yioinaH 
10-MepHbie CTajiKHBaiomHecfl 6paHbi. B stoh MO^ejin npeo^ojieHbi ocHOBHbie Tpyz^HOCTH npe^bmynnix 
MO^ejieii ociniJiJinpyioiHeH BcejieHHoii, Taxne KaK npo6jieMa Hey6biBaioineH SHTponiiii [3] hjih OTcyTCTBiie 
peajiHCTHHHoro (piraiiHecKoro MexaHH3Ma, npHBOflflmero k pacnnipeHHio BcejieHHoii nocjie KajK^oro one- 
pe,a;Horo ee cscaTHfl O/niaKO b stoh MO,a;ejiH Tpe6yeTca, hto6m BcejieHHaa HMejia ,z;ecHTb npocTpaH- 
CTBeHHbix H3MepeHHii, hto noxa He no^TBepjK^aeTCH Ha6jno,n,eHH.HMH. IIosTOMy 3,n,ecb mm BepHeMca k 
ociniJiJinpyiomeH MO^ejin c TpeMa npocTpaHCTBeHHMMH H3MepeHHHMH, b KOTopoii npocTpaHCTBO h MaTe- 
pna OTOJK^ecTBJiHKiTCH Meyapy co6oii, KaK 3to b CBoe BpeMfl 6bmo npe^jiojKeHO YnjiepoM [S]. A HMeHHO, 
mm 6yneM paccMaTpHBaTb HacTHHM MaTepira b BHjj;e CTa6HjibHbix KOHCpHrypainiii ^BHJKymeroca MHoro- 
o6pa3HH (npocTpaHCTBa), nojiaraa, hto reoMeTpna HBjifleTca cymecTBeHHO fliHaMinecKHM nonsiTHeM h 
hto HMeHHO reoMeTpna npocTpaHCTBa-BpeMeHH h onpe^ejiaeT CBoiicTBa MaTepnn [6j. 

Mm paccMOTpnM 3^ecb TonojiorHHecKHii acneKT npo6jieMM h nonMTaeMca 3a cneT stoto BbiacHHTb 
npnpofly KOCMOJiorHnecKOH CHHryjiapHOCTH. A HMeHHO, npeflnojio>KHB, hto CTpyKTypa HanajibHoro co- 
ctohhhh BcejieHHoii HMejia Tonojiornio TpexMepHoii 6yTbijiKH Kjieinia, mm H36aBHMca ot stoh CHHry- 
jiapHOCTH. 9tot »ce tiorxor noMOJKeT HaM cnpaBHTbca TaK»ce h c npo6jieMOH CHHryjiapHOCTH MHKpo- h 
MaKpocKonn^ecKHx oGicktob, Taxnx xax ajieMeHTapHbie ^acTHiiM h CKOJiJiancnpoBaBHiHe 3Be3,a;M. 

Ilpn 3tom mm npeflnojiojKHM, hto o6mafl Teopnfl OTHOCHTejibHOCTH cnpaBefljiHBa BnjiOTb ^o pac- 
ctohhhh, cooTBeTCTByiOHj,Hx njiaHKOBCKoii fljiHHe, cjie^ya nfljSRM MapKOBa [Jj o tom, hto b npnpo^e 
flOJiJKHO cymecTBOBaTb orpaHHneHHe Ha KpHBH3Hy npocTpaHCTBa. IlpH peajiH3ainiH ^aHHoii H^en mm 
3aMeHHM CHHryjiapHOCTb Ha TonojiorHnecKyio oco6eHHOCTb MHoroo6pa3HH, Hcnojib3yeMoro fljia npe,n- 
CTaBjieHHfl npocTpaHCTBa-BpeMeHH. Taxaa 3aMeHa B03MOJKHa, nocKOJibKy H3BecTHM penieHHa ypaBHeHHii 
nojia 9iiHHiTeHHa, CBo6o^,Hbie ot CHHryjiapHOCTeii, HanpnMep, moct 3iiHHiTeHHa-Po3eHa [8|. KpoMe to- 
ro, cymecTByeT MHoro ^pyrnx MO^ejiefi, b kotopmx TonojiorHnecKHe oco6eHHOCTH paccMaTpnBaiOTCH b 
KanecTBe nacTHn, MaTepnn hjih chctcm B3aHMOfleiicTByioiii,Hx nacTHu, [9] . 3flecb Ma paccMOTpnM bo3mojk- 
HOCTb Toro, hto TaKHe chctcmm jjeiicTBHTejibHO HMeiOT OTHOineHHe k BHyTpeHHHM CTpyKTypaM KBapKOB 
h jienTOHOB (cpyH^aMeHTajibHbix cpepMHOHOB). /JpyrHMH cjiOBaMH, b paMKax ,a;aHHoro uoffxojia mm 6ya;eM 
paccMaTpHBaTb cpyH,i];aMeHTajibHbie (pepMHOHM b KanecTBe komho3hthmx nacTHii;. 



2 



B 6ojibiiiHHCTBe cyinecTByKunnx KOMno3HTHbix MO^ejieii KBapKii n jienTOHM npe,n,CTaBJiaiOTca b Bii^e 
KOMGnHanira hgckojibkhx (o6mhho flByx hjih Tpex) 6ojiee npocTbix nacran,, Ha3biBaeMbix npeoHaMH |10] . 
B HacToainee BpeMa npeoHHbie MO,a;ejiH nepecTajin nojib30BaTbca nonyjiapHOCTbio H3-3a Toro, ito ohh 
CTajiKiiBaiOTca c MHoronncjieHHMMn TeopeTHHecKHMH Tpy^HOCTaMH, TaKHMH KaK, HanpnMep, npo6jieMa 
Mace npeoHOB. Tax, H3 SKcnepnMeHTOB no pacceamiio nacraii, h3B6ctho, hto rnnoTeranecKaa niKajia pac- 
CToaHHii KOMno3HTHOCTH ajieMeHTapHbix nacraii, cooTBeTCTByeT paccToaHnaM , M6HbniHM h6m 10~ 18 M. 
Heonpe,a;ejieHHOCTb HMnyjibca HacranM, 3aKjnoHeHHon b TaKOM He6ojibinoM c^eMe npocTpaHCTBa, co- 
CTaBjiaeT npHMepHO 200 TsB, ito 3HaHHTejibHO npeBbiinaeT Maccbi KBapKOB nepBoro ceMeiicTBa. /^aHHyio 
TpyinrocTb mojkho npeo,a;ojieTb nyTeM nocTyjinpoBaHna hoboh chjim, KOTopaa Ha MHoro nopa^KOB npe- 
BOCxo^,HJia 6m CHJiy cmibHoro B3aHMOfleiicTBHa. 3a c^eT TaKoii „rnnepcHJibi" npeoHbi MoryT Haxo^HTbca 
b CBa3aHHOM cocToaHHH BHyTpH KBapKOB, npn^eM orpoMHaa SHeprna nx HMnyjibCOB KOMneHcnpyeTca 
ix 6ojibiiiOH SHeprHefi cb33h (,a;e(peKTOM Maccbi). Ha Hani B3rjia,a;, flaHHbin noflxofl aBjiaeTca BecbMa 
MHoroo6ein;aioiri;HM, n 3flecb mm 6ya;eM npHflepjKHBaTbca hmghho SToro noflxo^a. 

Ho rjiaBHMM OTjinnneM npeflCTaBjiaeMoii 3,a;ecb MO,a;ejiH ot ^pyrnx npeoHHbix MO^ejieii 6ya;eT to, ito 
3#ecb mm coKpaTHM flp npe^ejia hhcjio bo3mo}khmx thhob 6a30Bbix nacraii,. KaK mm y»ce ynoMaHyjin, Bee 
npe^bmymne KOMno3HTHbie MO^ejin o6 r bacHaiOT Ha6jno,n,aeMoe b npnpo^e pa3HOo6pa3ne sjieMeHTapHbix 
MacTHu, 3a cneT pa3JinHHbix KOM6nHannH onpe^ejieHHoro Ha6opa npeoHHbix ranoB, cymecTBeHHO MeHb- 
niero, no cpaBHGHHio c hhcjiom TnnoB (pyH,a;aMeHTajibHMx Hacrau; CTaH,n;apraoH MO^ejin 0,a;HaKO 
o^eBH^HO, ito fla>Ke sto yMeHbnieHHoe hhcjio cpyH^aMeHTajibHbix TnnoB He MOJKeT peninTb npo6jieMy, 
nocKOJibKy, 3aMeHaa o^ih Ha6op 6a30Bbix 3ji6M6htob Ha ^pyroii mm Bce-paBHO ^ojokhm HCKaTb 06^30- 
HeHne nponcxojK^eHna SToro HOBoro Ha6opa 6a30Bbix sjieMeHTOB n OTBeTHTb Ha Bonpoc o tom, noneMy 
nacranbi b 3tom Ha6ope pa3JinnaiOTca MejK^y co6oii. H TOJibKO MO^ejib ocHOBaHHaa Ha oahom e^im- 
ctbchhom 6a30BOM sjieMeHTe mojkgt HMeTb cmmcji. KaK-pa3 sto mm 3flecb h co6npaeMca npe,a;jio;<KHTb. 
A hmghho, mm npeflnojioJKHM, nTO cymecTByeT e^HHCTBeHHbin ran npocTeinnnx nacran; (npeoHOB), He 
o6jia,iiaiom;Hx hhk&khmh xapaKTepncTHKaMn hjih kbcihtoblimh nncjiaMn KpoMe sjieKTpnnecKoro n n;BeTO- 
Boro 3apa^OB. To ecTb, npeoHM b npe^jiaraeMon MO,a,ejiH 6y^yT npecTaBJieHM eflHHHHHHMi 3apa,n,aMH c 
CHMMeTpneii SU(3)xU(l). npnnnHy B03HHKHOBeHna pa3HnnM MejK^y npeoHaMH c nporaBonojiojKHMMH 
3apa,i;aMH mm nonMTaeMca oGiacmiTb b cjieflyiomeM naparpacpe. 

2 Ba30Baa nacTima 

PaccMOTpHM Bpamaioineeca 3-MHoroo6pa3ne, HanpnMep, ccpepy S € {§ 3 } pa^nyca Rs G (—00, +00), 
o6pa30BaHHyio 6e3MaccoBoii sjiacraHHoii jKH/ntocTbio - coBOKynHOCTbio mhpobmx jihhhh npo6Hbix na- 
cran;. BpameHne S cooTBeTCTByeT 4-ckopocth u jkh^kocth bo Bcex bo3mojkhmx HanpaBjieHnax b Ka»c- 
floii TonKe npocTpaHCTBeHHoro ce^eHna MHoroo6pa3na (cm., HanpnMep, o6cyjK,a;eHHe BpamaiomHxca 3- 
MHoroo6pa3nii b |12|). OrpaHHHemie Ha KpnBH3Hy MHoroo6pa3na S B03HHKaeT ecTecTBeHHMM o6pa30M 
H3-3a HeB03MO»cHOCTH MrHOBeHHoro H3MeHeHHa HanpaBJieHna CKopocra npo6Hbix Hacraij, cpopMnpyio- 
m,nx MHoroo6pa3ne. nycTb MHoro6pa3ne HMeeT BMKOJiOTyio TOHKy, S — > S\{0}, i.e. co^epjKHT ToneHHbin 
pa3pMB a, MOflejinpyiomnii cnHryjiapHOCTb (PncH]), kotopmh mm 6y,a;eM paccMaTpnBaTb b Ka^ecTBe 6a- 
30Boii (npocTennieii) Hacranbi, He HMeiomen hhkbkhx cbohctb, 3a HCKjuoHemieM CBoiicTBa o6jia,iiaHHa 
3apa^OM (Bxo^ainnii hjih Bbixoflam,nn noTOK npo6Hbix Hacran,, KaK noKa3aHO Ha Pnc[T|). 
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Pnc. 1: ToHenHbiii pa3pMB a Ha (jiOKajibHO njiocKOM) 3-MHoroo6pa3nn S c rpaHnnaMH, o6o3HaHeHHMMn 
KaK AB n ab. BxoflamHH noTOK (cjieBa) n Bbixoflanniii noTOK (cnpaBa) npo6Hbix nacTnn; paccMaTpnBaeTca 
KaK 3apa^ nacTnn,M a. 

Ecjih Ha S 3aflaHa npo6Haa noBepxHOCTb C (C £ S 2 ), He oxBaTMBaiomaa CHHryjiapHOCTeft, to bxo- 
flsiniii noTOK Hepe3 3Ty noBepxHOCTb ,i;oji>KeT 6biTb paBeH Bbixo,a;ameMy noTOKy (PncE]), hto aBjiaeTca 



3 



oGbi^HMM ycnoBiieM coxpaHeHHa noTOKa. B cjiyiae, ecjin noBepxHOCTb C oxBaTMBaeT CHHryjiapHOCTb a, 
to Hcne3aeT jih6o BxoflaiiniH, jih6o BbixoflanpiH noTOK, ito npoTHBope^HT npHHininy coxpaHeHHa 9Hep- 
thh. JSjisi ycTpaHeHHa npoTHBopenHa noTOK ,a;oji:<KeH 6biTb HanpaBjieH o6paTHO b <S, hto mojkho quejiaTb 
nyTeM OTOJK^ecTBJieHHa rpamm, ab c AB: 




hjih nyTeM hx nepeKpecTHoro OTOJKflecTBjieHHa: 

a A 

X (2) 
b B 




Phc. 2: MnpoBbie jihhhh lacTHH, noTOKa AA' , BB' (npn OTcyTCTBHH CHHryjiapHOCTn) h Aa, Bb (npn Bxofle 
b CHHryjiapHOCTb a, oxBaieHHyio KOHTpojibHoii 2-ccpepoH C). Bo btopom cjiynae noTOK He coxpaHaeTca. 

IlojiyHeHHaa (popMa aBjiaeTca rnnepTopoM T 3 (b nepBOM cjiynae), hjih 6yTbijiKoii Kjieinia K 3 (b cjiy- 
nae c nepexpecTHbiM OTO^K^ecTBjieHHeM rpaHHH,) . 9to BoccTaHaBjiHBaeT n;ejiocTHOCTb noToxa h 3aMena- 
eT CHHryjiapHOCTb b TOHKe a Ha TonojiorHHecKyro oco6eHHOCTb, npe^CTaBJiaiomyio co6oii neHTpajibHoe 
OTBepcTHe („ropjiOBHHy") rnnepTopa hjih 6yTbiJiKH Kjieinia. Bxo^aiHHii (Bbixo^amHii) noTOK Q Hepe3 
jjaHHbiii o6 r beKT no-npe:<KHeMy TepaeTca, ho nojiHbiii noTOK b CHCTeMe coxpaHaeTca. Kax mm y»ce OTMe- 
thjih b § 1, Taxaa TonojiorniecKaa oco6eHHOCTb cooTBeTCTByeT HecHHryjiapHOMy pemeHHio ypaBHemiii 
BHHiHTeima, onncbiBaiomeMy moct 9iiHHiTeHHa-Po3eHa (KpoTOByio Hopy), CBoiicTBa KOToporo nccjieflo- 
BajiHCb MHorHMH aBTopaMH [13J. Ctoht o6paTHTb BHHMcLHiie Ha aHajiHTHHecKoe penieHne, nojiyieHHoe 
He^,aBHO niaTCKHM, Hobhkobmm h Kap^anieBbiM }14j . KOTopoe onncbiBaeT 6ecKOHeHHoe hhcjio ccpepHHe- 
ckhx BcejieHHbix, coe^HHeHHbix Me3K,ny co6oii Hepe3 KpoTOBbie Hopbi. Abtopm HHTepnpeTHpyiOT JI,aH- 
Hyio CTpyKTypy xax MHoacecTBO mhpob, B03HHKaK>mHx H3 KBaHTOBoro BaxyyMa b pa3Hbix o6jiacTax 
npocTpaHCTBa-BpeMeHH h cymecTByiomHx napajuiejibHO h He3aBHCHMO flpyr ot ,a;pyra. C tohkh 3pe- 
hhh MO,a,ejiH xpoMOSJieKTpHHecKHx npeoHOB, paccMaTpHBaeMoii 3,n,ecb, ^aHHoe penieHne cooTBeTCTByeT 
o,h,hoh BcejieHHoii, coflepjKameii 6ecKOHeHHoe hhcjio ^hhumiimgckh B3aHMO#eHCTByioiHHx TonojiorH^iecKHx 
oco6eHHOCTeH (npocTeinnHx HacTHH,). 



3 Ilojie npocTeiinieH HacTHii;bi 

PaccMaTpHBaa BbinieonHcaHHbie TonojiorHHecKHe oco6eHHOCTH MHoroo6pa3Ha b Ka^ecTBe npocTeiiHiHx 
^acTHLt mm flOJKKHbi y^ecTb B3aHMO,u;eHCTBHe HacTHii; MejK,a;y co6oii, ito b HameM cjiy^ae peajiH3yeTca 
3a cneT ^aBJieHHa h HaTa»ceHHH jkh^kocth, o6pa3yioni,eH MHoroo6pa3ne S. CooTBeTCTByromee CHJiOBoe 
nojie, if, mojkho onpe^,ejiHTb lepes njiOTHOCTb noTOKa, nepeceKaromero npoH3BOJibHyio ^ByMepHyio no- 
BepxHOCTb C, oxBaTbiBaromyio cr. IlocKOJibKy bxo^hihhh / BbixoflHiiniH noTOK npo6Hbix ^acTHH, H30TponeH, 
to nojie aBjiaeTca crpepH^iecKH-CHMMeTpHHHbiM h ero BejiHHHHa npH6jiH3HTejibHO o6paTHO nponopniio- 
HajibHa KBa^paTy paccTOHHHa Meat^y C h a. OflHaxo oxBaTHTb neHTpajibHoe OTBepcTHe (cr) 3-Topa npo- 
H3BOJibHoii ^ByMepHoii noBepxHOCTbio TonojiorHHecKH HeB03MO>KHO. IloaTOMy onpe,nejieHHe tp b HameM 
cjiy^ae cjie^yeT H3MeHHTb. IlycTb Ha S € {T 3 } hjih {K 3 } onpe^ejieHa ^ByMepHaa ccpepa C pa,zniyca 
G (0, oo) c n,eHTpoM b a (ho He oxBaTMBaa <r) - xax noKa3aHO Ha Phc[3J a hmchho, c^BHraa C B^ojib 
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'a b 

1 1 
B A 



Phc. 3: „ropjiOBHHa"(TonojiorH x iecKHH oco6eHHOCTb) a rimepTopa T 3 hjih 6yTMjiKH Kjieima K 3 h npo6Haa 
ccpepa C G § 2 , noMem,eHHaa b a nyTeM c^,BHra C no S b HanpaBJieHHH TonojiornnecKOH oco6eHHOCTH. 

S no HanpaBJiemno k er. IIojiHbiH noTOK Q nepe3 C paBeH Hyjiio, nocKOJibKy a He oxBaneHa ccpepoii C. 
TeM He MeHee, a flejiHT C Ha .znm nojiyiuapHa, Tax mto noTOK Q ,a;ejiHTca Ha ppe iacTH, cooTBeTCTByiomne 
BHeniHeMy h BHyTpeHHeMy nojiymapnaM ccpepbi C. Bbinncjiaa njiOTHOCTb noTOKa bo BHyTpeHHeii "1" n 
BHeniHeii "2" Tonxax ccpepbi C (Phc|3]), mojkho pa3Jio»cHTb nojie (p Ha ,a;Be cocTaBjiinomne: 

tp(r) = cpi(r) + <p 2 (r), (3) 

r^e r ecTb pa,zniajibHoe paccToaHne b ccpepnnecKnx KOop^HHaTax c u,eHTpoM b a . Xoth njiOTHOCTb jihhhh 
noTOKa yBejinnnBaeTca npn yMeHbnieHnn OHa 6y,a;eT MHHHMajibHa b Haiajie OTCieTa (hjih flaxe paBHa 
Hyjiio b cjiynae HeKOMnaKTHoro MHoroo6pa3na) , nocKOJibKy rpaHHn,a oxpecTHOCTH Haiajia OTcneTa u 
OTOJK,i;ecTBjieHa c BHenimiM (66jibniHM) nepHMeTpoM Topa. CooTBeTCTByioinHM rpami^HbiM ycjiOBHeM 
(^jia HeKOMnaKTHoro MHoroo6pa3na) 6y^eT 

*Ji(0)=¥>a(0)=0. (4) 

OTcro^a cjie/iyeT, ^to Ha HeKOTopoM paccToaHHH ot a njiOTHOCTb jihhhh noTOKa ^ojiJKHa HMeTb MaKCH- 
MyM, KOTopbiii npe,a;nojiO}KHTejibHO cooTBeTCTByeT BepxHeMy npe^ejiy kphbh3hm MHoroo6pa3Ha. IfeMeHaa 
pa/niyc Rg (HanpHMep, ot Hyjia jj;o MaKCHMajibHoro 3HaneHHa) tohkh "1" h "2" ccpepbi C nepeMemaiOTca 
no MHOroo6pa3Hio b npoTHBOnojiojKHbix HanpaBJieHHax: 

' T ' : A ^ a (5) 
"2" : a -» A {0> 

ito npHBO^HT k acHMMeTpHH Meynjjy flByMa KOMnoHeHTaMH nojia. A hmghho, ¥?2(f) 6yi;eT pacra ot 
MHHHMyMa (Hyjia) fl,o HeKOToporo MaKCHMajibHoro SHaieHHa, a 3aTeM onaTb cna^eT ,n,o MHHiMyMa b KOHue 
nyTH tohkh "2" (Phc.[4|). KoMnoHeHT <Pi(r) 6y#eT b ochobhom pacTH B^ojib 6ojibnieii iacTH TpaeKTopnn 
tohkh "1". Ho, KOHe^HO, b KOHne 3TOH TpaeKTopHH (pi cna,n,eT jip MHHHMyMa (Hyjia). TaKHM o6pa30M, 
btopmm rpaHHHHbiM ycjiOBHeM fifla HeKOMnaKTHoro MHoroo6pa3na 6ya;eT 

cpi(oo) = <^ 2 (oo) = 0. (6) 





Phc 4: ^Ba KOMnoHeHTa paBHOBecHoro nojia, (pi h if2, cooTBeTCTByiomHe BHyTpeHHeii h BHeniHeii TonKaM 
npo6Hoii ccpepbi C. 
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3^ecb o^,HaKO cjie^yeT npHHaTb bo BHHMamie Kpy^eHne, KOTopoe b cnyiae 3-MHoroo6pa3iia HMeeT 
Tpn CTeneHH CBo6o,a;bi |15| . ^to npHBOflHT k HejiHHeimoMy ypaBHeHHio IlBaHeHKO-ren3eH6epra [16j h Hea- 
6ejieBbiM CTeneHHM cbo6o,hm. CooTBeTCTByiomee nojie 6ya;eT HMeTb Tonanorn^ecKoe KBaHTOBoe hhcjio - 
u,BeTHoii aHajior cnnpajibHOCTH b rHflpo^HHaMHKe |17j . TaKoii xapaKTep B3anMO,a,eHCTBHa cooTBeTCTByeT 

npHTflJKeHHIO H OTTajIKHBaHHIO MejK^y D,B6TOBbIMH 3apa#aMH, HCnOJIb3yeMbIMH B XpOMO^HHaMHKe |18j : 
JXBe 0,a,HOHMeHHO-3apa}KeHHbIX ^aCTHHM C pa3HOHMeHHbIMH I],B6TaMH npHTarHBaiOTCa, B npOTHBHOM cjiy- 

nae ohh OTTajiKHBaiOTca . ITpH6jimKGHHaa aHTHCHMMeTpna Mesc/ry tpi h^b okpgcthocth Hanajia OTcneTa 
no,iipa3yMeBaeT cymecTBOBaHne paccToaHna paBHOBecna r a > Taxoro, ^to 

Vi(r ) = -^(ro), (7) 

Tax hto KOMnoH6HTbi nojia noiiHOCTbio KOMneHcnpyiOT APyr APyra. 9to HapyinaeT HanajibHyio c(pepnne- 
CKyro CHMMeTpnio nojia, Tax KaK, HanpnMep, b npocTefiineM cjiy^ae sa^a^H ^Byx Teji ocHOBHoe cocToaHne 
aBjiaeTca /ninojieM, opneHTanna KOToporo b npocTpaHCTBe onpe,a;e,naeT npenMymecTBeHHoe HanpaBjiemie. 
CiiMMGTpHa MacniTa6Hoii HHBapnaHTHOCTn 3,necb TaKsce HapyinaeTca, nocKOJibKy paccToaHne paBHOBe- 
cna r (pHKcnpyeT npeHMymecTBeHHyio e,n,HHHHy H3Mep6Hna paccToaHHii pjin Bcex komho3hthmx chct6m, 
cocToamnx H3 HBeTHMx npeoHOB. 



4 IIpocTeHniHe CHCTeMM u,BeTHbix npeoHOB 

PaccMOTpiiM HeKOTopbie caMbie npocTbie erpyKTypbi, ocHOBaHHbie Ha nojiax ([3]) c rpaHii^HMMH ycjiOBH- 
hmh (j4]) h JHJ) n ycjiOBHGM paBHOBecna $2$. Cjie,a;yioiri;aa (popMa rjik komiiohghtob SToro nana: 

(^i(r) = xexpi-nr- 1 ) 
ip 2 {r) = -<fi(r) 

y^OBjieTBopaeT ycjiOBiiaM ((3J) h ((TJ) . OHa He yncmjieTBopaeT BTopoMy rpaHH^HOMy ycjiOBHio , ho fljia 
cnynaeB c TnnnHHMMH paccToaHHaMH Meyupy ^acTHiiaMn nopa/nta r sto He cymecTBeHHO, noaTOMy Ha 
6jih3khx paccToaHHax mm MoaceM npnnaTb cpopMy (JSj) b KanecTBe npocToro npHMepa nojia, HJiJHOCTpn- 
pyromero pa6oTOcnoco6HOCTb npe^jiaraeMoii MO^ejni. 9TOMy nojiio cooTBeTCTByeT noTeHiniaji: 

V(r) = (1 - r) exp(-Kr" 1 ) - Ei(-«r" 1 ). (9) 

TJjia npocTOTbi (a TaKsce jijir Toro, hto6m H36e»caTb ncnojib30BaHHa cbo6o,i];hmx napaMeTpoB b HanieH 

MO^ejIH) MaCIHTa6HbIH KOSCpCpHHIieHT K MOJKHO npHHaTb paBHbIM e,H,HHHH,e. Ko3(p(pHHHeHT x — ±1 b |(8]) 

o6o3HanaeT nonapHOCTb nojia n Bbi6npaeTca tiikhm o6pa30M, hto6m BOcnpon3BecTn BbinieynoMaHyToe 
cbohctbo npHTa»ceHHa / OTTajiKHBaHHa MejK^y nacTnnaMH c pa3HMMH H,BeTOBbiMH 3apa,n,aMH. 

B MHoroKOMnoHeHTHbix CHCTeMax nojie Taxoro po,na npHBOflHT k noTeHiniajibHoii noBepxHOCTH c mho- 
»cecTBeHHbiMH jiOKajibHMMH MiiHHMyMtiMH, hto Be,u;eT k KHHeMaTHHecKHM orpaHH^eHnaM Tonojiorn^e- 
CKoro CBoiicTBa. 3to onpe,nejiaeT e^HHCTBeHHOCTb Ha6opa bosmojkhmx KOHCpHrypaiinfi npeoHOB, npo- 

CTeiilHHMH H3 KOTOpblX aBJiaKJTCa ,a,HnOJIH H TpHnOJIH, CCpOpMHpOBaHHbie, COOTBeTCTBeHHO, H3 flByx H 

Tpex xpoMOSJieKTpHHecKHx npeoHOB. O^eBH^HO, ^to nojia Tpnnojieii - 6ecn,BeTHbi, ho hx nojiHaa 6ec- 
n,BeTHOCTb floCTHraeTca jinnib Ha 6ecKOHe x iHOCTH. Ha 6jih3khx paccToaHHax nojia 6y^yT xpoMaTH^ecKH 
nojiapH30BaHbi (Tax KaK n;eHTpbi nacTHii; pa3HeceHbi Ha HeKOTopoe paccToaHne), hto no3BOJiaeT Tpnno- 
jiaM B3aHMO,n;eiicTBOBaTb ,a;pyr c flpyroM h o6pa30BMBaTb 6ojiee cjioJKHbie CTpyKTypbi (b ochobhom, nyTeM 
coe^HHeHHa b ijeno^KH nojirocaMH APyr k APyry). 

IIoTeHLi,Haji ([9]) rpacpH^ecKH noxasaH Ha Pnc.[5]a. 3to THnHHHbiii ^ByxiaMHbiH noTeHD,Haji, npHBO^a- 
ih,hh k xaoTH^ecKHM KOJie6aHHaM h CTOxacTHnecKHM pe30HaHcaM [19] . B kocmojiophh oh Be^,eT k o6pa30- 
BaHHio ,a;oMeHHbix neperopo^OK b nepnoflbi (pa30Bbix nepexoflOB Ha paHHHx STanax pacninpeHHa BcejieH- 
Hofi. H3BecTHO TaK»ce, hto stot noTeHiniaji aBjiaeTca caMOKajin6poBaHHbiM, Tax KaK b HeM onpeflejieHbi 
e,a;HHHi];bi ,a;jiHHbi, BpeMeHH h SHeprnn nepe3, COOTBeTCTBeHHO, paccToaHne MejK^y noTeHiiHajibHbiMH aMa- 
mh, ^acTOTy KOJie6aHHii b HHBepTnpoBaHHOM noTeHD,HajibHOM 6apbepe h BbicoTy 6apbepa. Mm 6y#eM 
Hcnojib30BaTb nojiOBHHy paccToaHHa Me>K,ii,y noTeHiniajibHMMH hmsmh (paccToaHne paBHOBecna r , co- 
OTBeTCTByiomee MHHHMyMy noTeHn;Hajia) b KanecTBe eflHHHiibi ,u;jihhm fljia ,a;aHHoii MO^ejiH. E,a;HHHi];a 
ckopocth, v , TO»ce aBjiaeTca BHyTpeHHeii xapaKTepncTHKoii noTeHiinajia ([9]) b tom CMMCJie, hto, ecmi 
3a,a;aHa SHeprna Eq, to mojkho BMHHCJiHTb cooTBeTCTByiomyio CKopocTb HacTHn;M b stom noTeHiinajie. 
HanpnMep, b CHCTeMe H3 ^Byx npeoHOB c noTeHH,HajiOM |(9|) CKopocTb BM^ncjiaeTca KaK 

v{r) = y/2(E - V(r))/m, (10) 
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Phc. 5: PaBHOBecHbiii noTeHnnaji V(r) cooTBeTCTByroinnii chct6M6 nBeTHoro ,n,Hno.na; (a) ^,Be 
o,iiHOHMeHHO-3apfl>KeHHbie HacTnnM c pa3HOHMeHHMMH iiBeTaMii; (b) to ace, ho fljia 'racTnn, c o^hohmgh- 
hmmh u;BeTaMH; (c) pa3H0HMeHH0-3apa»ceHHbie Hacraiibi c o^HOHMeHHbiMii u;BeTaMH; n (d) pa3H0HMGHH0- 

3apH>KeHHbie ^aCTHIIM C pa3HOHMeHHMMH I^BGTaMH. 

r^e ihr 1 = m\~ +rri2 ecTb npnBe,neHHaa Macca (3#ecb rh = nocKOJibKy mm ncnojib3yeM mi = TO2 = !)• 
3a^,aB HeKOTopoe 3HaHeHne SHeprnn i?o, HanpnMep npnnaB ero paBHMM Hyjiio b Tonice r = r max , mojkho 
BMHHCJiHTb MaKCHMajibHyio CKopocTb v max — v(r ) Ri 0.937w o , BbipajKeHHyio b e^niHnnax, onpe^ejifleMbix 
MacniTa6HbiMH KoacpcpnnneHTaMn (pyHKnnn (JSj) . ripn stom onpe,n,ejiaeTca TaK»ce MacniTa6 niKajibi BpeMe- 
hi b BH,a;e eflHHH^Horo BpeMeHHoro HHTepBajia t , Taxoro, hto v t — r , a TaKsce n flpyrne Heo6xo,n;HMbie 
(pHSH^ecKne e^,HHHD,bi, Kax, HanpnMep, e^niHnna yrjiOBoro MOMeHTa L , KOTopaa cooTBeTCTByeT npeoHy 
e^HHHHHoii Maccbi m , ABHJKyineMyca c gahhe^hoh CKopocTbio v no KpyroBoii op6nTe e^HHHHHoro pa- 
flnyca r Q . E,n,HHHny Maccbi m mojkho onpe^ejiHTb, Bbnncjiaa SHeprnio nana ip pjisi npeoHa: 

m 2 = ^- J ip 2 dS = 1 (11) 
s 

6e3 yneTa nepBoro KOMnoHGHTa nana, (fx, nocKOJibKy HHTerpaji J tp\ dS pacxo,n,HTca n o^reBn^HO He mojkbt 

6bITb HCnOJIb30BaH flJlR 3TOH nejIH. EcjIH BpeMeHHO OT6pOCHTb TpeTblO I],B6TOByK) nOJiapHOCTb H paCCMOT- 

peTb CHCTeMy dy = oy <r+ - 3apH»ceHHbiH iiBeraon ,n,Hno.jib c SHeprneii Eq — 0, to mojkho 3aMeTHTb, ^to 
(KOJie6aTejibHoe) ^BHJKeHne 3apa,npB b stoh chct6M6 orpaHH^eHO o6jiacTbio (0, r max ), r^e r max ~ 1.894r 
(cm. Phc.[5]). IlH,a;eKC "y" (yellow=blue) o6o3HanaeT, ^to flaHHaa erpyKTypa HenojiHa b OTHOineHnn nanap- 
hocth nojia, o6o3Ha x ieHHOH chhhm nBeTOM (<Pi), n hto 3apa»ceHHbiii nBeTHoii .zninojib dy Ha caMOM ^ejie 
He mosmt cymecTBOBaTb b cbo6o#hom cocToaHHH, Tax KaK ero SHeprna 6ecKOHenHa (ecnn kohbhho mm He 
npeHe6peraeM TpeTbHM h,b6tom). CyMMapHMH 3apa# ^nnojia c£+ paBeH +2q . Ero Macca m d + b nepBOM 
npH6jiH»ceHHH paBHa 2m , hto aBJiaeTca to^hmm 3HaneHneM, Kor^a neHTpbi npeoHOB h coBna^aiOT 
h KOMnoHeHTM tp\ h <p\ nojia nojiHOCTbio B3anMHO yHHHTOJKaroTca (KOMnoHeHTOM <p\ npeHe6peraeM) . 

Ecjih KOMnoHeHTM CHCTeMM dy pa3HeceHM Ha HeKOTopoe paccToaHne D, to nana (p\ n (pf KOMneH- 
cnpyiOT APyr Apyra TOJibKO nacTHHHO, h Macca chctcmm npeBMCHT 2m Ha BejiH^HHy, KOTopyio mm b 
flajibHennieM 6y,a;eM Ha3MBaTb 9KCu;eccoM Maccbi h KOTopaa MOJKeT 6biTb BbinncjieHa no (popMyjie (jTTJ) . B 
ochobhom cocToaHHH (D = r Q ) Macca stoh chctcmm cocTaBjiaeT « 2.04 m . 

B cjiy^rae cncTeMM H3 ^Byx npeoHOB c oflraaKOBHMH n,BeTaMH, HanpnMep, <jj, cjie^yeT HHBepTnpo- 
BaTb 3HaK xb ®, hto npHBe^eT k OTTajiKHBaiom,eMy noTeHn,najiy (xpnBaa b Ha Pnc.[5]) c MaxcnMyMOM b 
Ha^rajie KOop^,HHaT. 3to osHa^aeT, hto cncTeMa He MO»ceT 6biTb ccpopMnpoBaHa b npnHnnne, fla»ce 

ecjin npeHe6peHb TpeTbeii nojiapHOCTbio. 

MnHHMyMM noTeHiinajiOB, cooTBeTCTByiomnx napaM npeoHOB c npoTHBonojioJKHMMn sjieKTpnHecKHMn 
3apa,i;aMH (KpnBbie cidfla Pnc.E]) CBn,a;eTejibCTByiOT o tom, hto HenTpajibHbie u;BeTHMe ^nnojin dy = 
<j^~ (Jg H = cr^~ cr~ b npnHnnne MoryT 6biTb ccpopMnpoBaHM (kohb^ho, ecjin onaTb npeHe6peHb TpeTbeii 
n,BeTOBon nojiapHOCTbio) . Tor^a npn D = cncTeMa d y 6y^eT HMeTb HCHe3aiom,e-MajiyK) Maccy (100% 
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flecbeKT Maccbi), nocKOJibKy b stom cjiy^ae npoTHBonojiojKHbie 3HaKH 6yziyT HMeTb He TOJibKO nana (fx, 
ho h nana tf2, Tax hto Bee nana KOMnoHeHTOB SToii CHCTeMbi 6ynyT B3anMHO CKOMneHcnpoBaHbi. Ilpn 
D > Macca flnnana d® 6ya;eT pacTii iiohth jihhghho c paccTOflHiieM. 

Becn,BeTHoe CBH3aHHoe cocToaHiie Tpex o,n,HOHMeHHO-3apH;<KeHHbix npeoHOB c B3aHMHO-,npnojiHaioiii,HMH 
H,B6TaMii (Tpimojib) Y + = <r+ <r+ (7^~ hjih Y~ = a~ (7~ <t^ , iiMeeT KOHenHyio Maccy. Ecjih Ha^ajibHaa 
SHeprnfl Eq = 0", to pa^nyc Tpnnojia Ry 6y#eT ocniuiJinpoBaTb b npe,nejiax ot Hyna fl,o Ry ax — 1.09r o . 
CncTeMa Tpnnojia aBjiaeTca CTa6HjibHoii, Tax KaK ,n,jia Toro, hto6m yn,ajiHTb jiio6oii H3 ee KOMnoHeH- 
tob Ha GecKOHe^Hoe paccToaHne, Tpe6yeTca 6ecKOHe x raaa SHeprna. B ochobhom cocToaHHH KOMnoHeHTbi 
Tpnnojia pa3HeceHbi Ha paccToaHne D = r , cooTBeTCTByiomee paBHOBecHOMy pa^nycy Ry = r /\/3, 
KOTopbiH MHHiiMH3iipyeT noTeHHHaji CHCTeMbi. IlocKOJibKy neHTpbi KOMnoHeHTOB Tpnnojia He coBna^aiOT, 
hx nojia (fx KOMneHCHpyiOT APyr Apyra Jinnib nacTHHHO, Tax hto Macca ochobhoto cocToaHHa Tpnnojia 
6ya;eT HMeTb 9KCH,ecc okojio 0.199 m Ha KajK^biii npeoH, no cpaBHeHHio c Maccoii npn Ry = 0. 



5 ^Byx- h TpexKOMnoHeHTHbie ijenoHKH TpHnojieii 

Bcjie^CTBHe xpoMaTHHecKHH nojiapH3an,HH nojieii Tpnnojia, pa3JiHHHbie TpnnojiH MoryT B3aHMO^,eiicTBO- 
BaTb flpyr c ,a;pyroM h (popMHpoBaTb HOBbie CBa3aHHbie cocToaHHa. IlpocTeHHiHM H3 hhx aBjiaeTca 
TByxKOMnoHeHTHaa ijenoHKa, o6pa30BaHHaa jih6o H3 flByx o,a;HOHMeHHO-3apajKeHHbix: 7 + = Y + Y + hjih 
7~ = Y~ Y~ , jih6o h3 npoTHBonojio>KHO 3apa>KeHHbix TpHnojieii: 7 = Y + Y~ . OneBHflHO, hto Tpnnojin 
b 3thx CHCTeMax 6ya,yT opneHTHpoBaHbi nojiiocaMH flpyr k APyry c pa3BopoTOM Ha 180° (cm. cxeMy cjieBa 
Ha Phc.[6|). noTeHH,HajibHbie SHepniH ,n,jia nap o^hohm6hho- h pa3HOHMeHHO-3apa>KeHHbix Tpnnojieii xax 
(pyHKn,HH pa^HycoB TpHnojieii Ry, h paccToamia D yiempy TpnnojiaMH noKa3aHbi Ha Pnc.[6](a) h (b), 

COOTBeTCTBeHHO. 



^ D 










Phc. 6: noTeHH,HajibHaa SHeprna nenoHKH, ccpopMnpoBamiOH H3 ,n,Byx TpHnojieii Y, pa3HeceHHbix Ha 
paccToaHne D h HMeiomnx pa^nycbi Ry (cxeMa cjieBa); (a) b cnynae flByx 0,iiH0HMeHH0-3apHJKeHHbix 
Tpnnojieii; (b) b cnynae flByx npoTHBonojioJKHO-3apa}KeHHbix Tpnnojieii. 



MnHHMyM noTeHipiajia fljia BTopoii (sjieKTpnHecKn HeiiTpajibHoii) CHCTeMbi 7 , PHC.[6](b), noHTH cob- 
na^aeT c Ha^ajiOM xoop^HHaT. 9to 03HaHaeT, hto xax sjieKTpHnecKHe, Tax h xpoMaTHHecxne nojia b 

3TOH CHCTeMe B3aHMHO KOMneHCHpyiOTCH npaKTHHeCKH nOJIHOCTblO. IIoSTOMy B OCHOBHOM COCTOHHHH 3Ta 

cncTeMa 6yaeT HMeTb npeHe6pe»cHMO Majiyio Maccy h He 6yaeT B3anMO,neiicTBOBaTb c ^pyrnMH no#o6- 

HblMH (HeilTpajIbHblMH) CHCTeMaMH. TaK HTO B KaJKflOH TOHKe npOCTpaHCTBa MOJKHO nOMeCTHTb CKOJIb 

yro,a;HO MHoro Taxnx chctcm (njiOTHOCTb hx pacnpe,a;ejieHHH k coacajieHHio Hejib3a BbiBecTH H3 nepBbix 
npHHiinnoB, Hcnojib30BaHHbix b jjaHHoii MO^ejin). HMea HyjieByio Maccy, sth nacTHiibi 6y,iiyT jjBHraTbca 

C MaKCHMajIbHO B03MOJKHOH CKOpOCTbK) BO BCeX B03MOJKHMX HanpaBJieHHaX, HTO MOJKHO paCCMaTpHBaTb 

Kax Hfl,eajibHbiii ra3 HeiiTpajibHbix HacTHH,. TeM He MeHee, b oxpecTHOCTH sjieKTpnHecKoro hjih n,BeTOBoro 
3apajj;a KOMnoHeHTbi CHCTeMbi 7 6y,iiyT nojiapn30BaHbi jih6o sjieKTpHHecKn, jih6o xpoMaTHnecKH, hto 
npeBpaTHT ,a;aHHyio cncTeMy b sjieTpHHecKHii hjih nBeTHoii flnnojib. 9to cbohctbo HacTnn; 7 aBjiaeTca 
Ba>KHbiM, nocKOJibKy b paMKax ^aHHon MO^ejin mojkho Hcnojib30BaTb ra3 HacTnn; 7 fljia MO^ejinpoBaHHa 
nojiapn3yeMoii cpe^,bi (BaxyyMa) , b KOTopoii nponcxo^aT ^BHJKeHHa n B3anMOfleiicTBHa Bcex ocTajibHbix 
nacTHH,. ^Hnojib-flHnojibHbie B3aHMO^eiicTBHa Me»c^,y nojiapH30BaHHbiMH HacTHijaMH 7 6ya,yT npnBO- 

JJ,HTb K (pOpMHpOBaHHK) MrHOBeHHblX npeOHHblX KOH(pHrypail,Hii pa3JIHHHOH CJIOJKHOCTH, KOTOpbie MOJKHO 

paCCMaTpHBaTb b KanecTBe HCTOHHHKa hobmx nacTHn; npn ycjiOBHH, hto SHeprna, npHBO,a;Hiii;aa k nojia- 
pH3annn, ^ocTaTOHHa fljia nojiHoro pa3,a;ejieHHH KOMnoHeHT 7 (b npoTHBHOM cjiy^ae sth KOHCpHrypa- 

H.HH MOJKHO HCnOJIb30BaTb ^,JIH MO^ejIHpOBaHHa BHpTyajIbHblX HaCTHIj) . CjiejJ,yeT 3aMeTHTb, HTO HaCTHH,a 
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7° flBJiaeTCH e^HHCTBeHHoii (popMoii MaTepnn, KOTopaa MOJKeT cymecTBOBaTb b caMoii HaiajibHoii cpa- 
3e pacniHpeHHH BcejieHHoii, Korjja ,a;ocTynHbiii o6i>eM ein;e cjihiukom Maji fljia cpopMHpoBamia 66jibniHx 
CTpyKTyp (to ecTb Korjja pa^nyc BcejieHHoii He npeBbiinaeT f» 0.5r o ). /^bhkghhh sthx ^acTHu; 6yjjyT 
CTOxacTH^HMMH H3-3a HajiHHHfl HecTa6njibHOH CTaniiOHapHoii TO^xe noTeHiniajia b Ha^ajie OTCHeTa. 

Ilo aHajiornn c TpexKOMnoHeHTHoii cncTeMoii npeoHOB Y ± mm MO»ceM paccMaTpiiBaTb TpexKOMno- 
HeHTHyio neno^Ky, e , ccpopMnpoBamiyio H3 o^,HOHMeHHO-3apa»ceHHbix Tpnnojieii: e + = Y + Y + Y + hjih 
e~ = Y~ Y~ Y~ . noTeHiniajibHaa SHeprna stoh n,enoHKH MHHHMajibHa, Korjja n,enoHKa 3aMKHyTa b 
KOJibnp, a ee KOMnoHeHTbi (TpHnojin) noBepHyTbi flpyr OTHOCHTejibHO ,a;pyra Ha 120° (cm. cxeMy cjieBa 
Ha Phc.[7J. MiiHHMyM noTeHirnajibHoii noBepxHOCTH, noKa3aHHoii Ha Phc.[7J cooTBeTCTByeT CTaTH^ecKofi 
KOH(pHrypan,HH paBHOBecTHa nenoiKH. 




Phc. 7: IToTeHHiiajibHafl noBepxHOCTb, cooTBeTCTByioin,aa nenoiKe e paflHyca i? e , ccpopMHpoBaHHOii H3 
Tpex oflHOHMeHHO 3apH»ceHHbix Tpnnojieii Y, HMeioiinix pa^nycbi Ry (cxeMa cjieBa). Paflnycbi Bapa>KeHbi 

B ejTHHHUaX To- 

OflHaxo Ha caMOM jjejie Taxoe CTaTH^iecKoe cocToaHHe 6y;j;eT HecTa6njibHbrM, noTOMy hto TpnnojiH b 
ijenoHKe coxpaHaiOT BpamaTejibHyio h nocTynaTejibHyio CTeneHH CBo6o,n;bi (BOKpyr h B,a;ojib hx o6in;eii 
KOJibueBoii och) h 6y,a,yT JiBHraTbca ncm ^eiicTBHeM jjpyrnx cymecTByioinHX lacTHii, HanpHMep, no,a; cto- 
xacTH^ecKHM B03^eiicTBHeM BbinieynoMflHyToro ra3a HefiTpajibHbix ^ByxKOMnoHeHTHbix nenoieK Tpn- 
nojieii. ^HHaMHHecKne napaMeTpbi jj,aHHoii CHCTeMbi 6y^yT 3HaHHTejibHO OTJiHHaTbca ot CTaTHiecKoro 
cjiy^aa, noKa3aHHoro Ha Phc. [7J Tax xax KajK^bifi H3 Tpex Bpamaioiinixca Tpnnojieii b stoh cnereMe 6y- 
ppT reHepnpoBaTb MarHHTHoe nojie, MO/nicpHUHpyioiiiee (h CTa6HjiH3Hpyiomee) ^BHJKeHHa flByx ,a;pyrHx 
TpHnojieii [20J. 3a cneT CTaHjjapTHoro MexaHH3Ma JiiiHaMO sth jjBHJKeHHfl ccpopMnpyiOT TopoH,n,ajibHbie 
h nojiOHjjajibHbie MarHHTHbie nojra, KOTopbie, b cboio onepej^b, 6y,a,yT nojj,jj,ep»cHBaTb BpamaTejibHoe h 
op6nTajibHoe jj,BH»ceHHH TpHnojieii b KOJibne. 

D^BeTHbie tokh, cooTBeTCTByiomne flBHJKeHHio KajKfloro hx npeoHOB flaHHoii CHCTeMbi, 3aKpyneHbi b 
BHjj;e BHHTOBoii jihhhh (kphboh CM3Hjia-BnjibflMca), KOTopaa npn 3aMbiKaHnn flejiaeT noBopoT Ha 7r pa- 
jjriaH BOKpyr neHTpajibHoii KOJibneBoii och CHCTeMbi - jih6o no lacoBoii CTpejiKe, jih6o npoTHB ^acoBoii 
CTpejiKH (b CHCTeMe, Ha Pnc[7j noKa3aHM tokh, 3aKpyneHHbie npoTHB nacoBoii CTpejiKn). TaKoii c^Bnr 
(jTHCJiOKanna) (pa3bi aBJiaeTca HHBapnaHTHMM cbohctbom h Ha3biBaeTca TonojioirraecKHM 3apa#OM |21| 
hjih HHjjeKCOM flHCJiOKaiiHH, 3HaK KOToporo cooTBeTCTByeT HanpaBjieHHio 3aKpyTKH (no- hjih npoTHB ia- 
coboh CTpejiKn), a BejinnnHa onpeflejiaeTca ihcjiom o6opotob, npHxoflflinnxcfl H a ojjhh op6HTajibHbiii 
nepnoji. B sthx TepMHHax, c,a;BHr no (pa3e tokob b CTpyKType e Ha ir pajjnaH cooTBeTCTByeT Tonojiorn- 
^ecKOMy 3apajj,y S = ±i, KOTopbiii mojkho H^,eHTH(pHH,HpoBaTb KaK BHyTpeHHnii yrjiOBoii momcht (cnnH) 

'laCTHH.bl. 

TpaeKTopna KajK^oro npeoHa, Bxojj,Hm,ero b o^hh H3 TpHnojieii, b tohhocth coBna^aeT c TpaeKTopn- 
hmh flByx flpyrnx npeoHOB, npHHajjjiejKamHx flByM coce,a;HHM TpnnojiHM CTpyKTypbi h hmcioiuhm n;BeTO- 
Bbie 3apfljj;bi, jjonojiHHTejibHbie k nepBOMy npeoHy. TaKHM o6pa30M nojiyHaeTca, hto tokh, o6pa3yioiri;He 
CTpyKTypy e ± , ^hhumhmgckh 6ecn,BeTHbi n, ycpe^HeHHoe no BpeMeHH, none SToii 'lacTHn.bi MO»ceT HMeTb 
TOJibKO jj,Be nojiapHOCTH, cooTBeTCTByiom,He nojiapHOCTAM CTaH^apTHoro sjieRTpn^iecKoro nojia. 

Mojkho 3aMeTHTb, hto, KpoMe npocTeHniHx CBa3aHHbix cocToaHnii xpoMOSJieKTpnHecKHx npeoHOB, 
onHcaHHbix b npeflbijjymHx pa3Jj;ejiax, nojie (J8j) reHepnpyeT MHOJKecTBO flpyrnx CTpyKTyp. HanpnMep, 
LtenoHKa H3 nap TpHnojib-aHTHTpnnojib o6jiajj;aeT CHMMeTpneii, no,n;o6HOH Toii, ^ito HMeeT CTpyKTypa e^, 

^TO TaKJKe npHBO^HT K 3aMbIKaHHK) n,enOHKH B KOJIbLtO V e C MHHHMajIbHbIM HHCJIOM KOMnOHeHTOB, paBHbIM 

niecTH napaM (jj,BeHa^n,aTH TpnnojiaM). 

Ilo cbohm CBoiicTBaM , KOTopbie BKJiiOHaiOT cnHH, 3apajj,, rnpoMarHHTHoe OHonieHne h HeTHOCTb |22U23|. 
KOJibijeBbie CTpyKTypbi, cocToamne H3 Tpex h jjBeHafliiaTH Tpnnojieii, (e^ h v e ) mojkho HjjeHTHCpHiiHpo- 
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BaTb C SJieKTpOHOM H SJieKTpOHHbIM H6HTpHHO, COOTBeTCTBeHHO. Pa3JIHHHbie KOm6hH£LI],HH 3THX CTpyKTyp 

(BKjiio^aa TaK>Ke co6ctb6hho Tpnnojib Y^) cocTaBjiaiOT nepapxnio erpyKTyp, KOTopyio mojkho H,a;eH- 
THCpninipoBaTb c Ha6jno,naeMbiM b npnpofle pa3HOo6pa3neM sjieMeHTapHbix HacTHH,. Hhcjio sjigmghtob b 
KajK^oii CTpyKType o,n,H03HaHHO onpe^ejiaeTCfl mhhimjmom noTeHunajibHoii SHeprnn stoh CTpyKTypbi, 
Tax hto ^aHHaa nepapxiia HBJiaeTCH ejriiHCTBeHHO bo3mojkhoh. 

6 KocMOJiorHHecKaa CHHryjiapHOCTb 

IIpeoHHbie CTpyKTypbi, o6cy»maBiuHecH b npe^bmymeM naparpacpe, cooTBeTCTByiOT MHoroo6pa3HK> S 
6ojibiiioro pa3Mepa, ho npn yMeHbineHHH ^ocTynHoro o6 r beMa CHTyauHH jjpjBKHa iraMeHHTbca. Ilpeflno- 
jtcbkhm, hto Haine MHoroo6pa3iie S SBOJiiOHHOHHpyeT (pacmnpHeTCH hjih cjKHMaeTca), a ero KpiiBH3Ha 
H3MeHHeTCfl bo BpGMGHii. Bo BpeMfl (pa3bi c»caTHH pacTymaa KpHBH3Ha ^octhfhgt BepxHero npe^ejia, 
cooTBeTCTByiomero BHyTpeHHeii kphbh3hg npocTeiiniHx HacTHii. IlocKOJibKy noTeHiniaji (J9j) hmggt CTa- 
iniOHapHyio TOHKy b Hanajie OTcneTa, to Bee npocTeiiniHe nacTHHbi Ha MHoroo6pa3HH S 6ya;yT cscaTbi 
b MHHHMajibHbiH o6i>eM, c hx H,eHTpaMH coBna,n,aioiHHMH b Ha^ajie OTcneTa. Ha stom 3Tane cxopocTb 
c»caTHa h KpiiBH3Ha MHoroo6pa3na - MaKCHMajibHbi, a o6 r beM - MHHHMajieH, ho He paBeH Hyjiio. Taxaa 
6eccTpyKTypHaa cynepno3HiniH npocTefiinHx HacTHH, (oTcyTCTBHe MaTepnn) cooTBeTCTByeT cpa3e ,ne Cht- 
Tepa, h, Kax H3BecTH0, HBjiaeTCH npneMjieMbiM KaHflH^aTOM Ha pojib MO,a;ejiH HecHHryjiapHoro HanajibHoro 
coctohhhh BcejieHHoii [24l [25] . 

IIomhmo npo6jieMbi KOCMOJiorn^ecKOH CHHryjiapHOCTH, cymecTByeT eme uejibiii pa^ BajKHbix kocmo- 
jiorHHecKHx npo6jieM, KOTopbie ^anjKHbi 6biTb npHHHTbi bo BHHMciHHe b jho6oh MO^ejIH BcejieHHoii. 3fleCb 
mm KpaTKO onepTHM Kpyr 3thx npo6jieM h o6o3Ha x iHM bo3mo>khocth hx penieHHH b paMKax MO^ejIH c 

XpOMOSJieKTpH^eCKHMH nOJLHMH. 

IIpo6AeMa anmponuu. Ilpo6jieMa SHTponnn HMeeT OTHOineHHe k „cneinia.jrbHOCTH" HanajibHoro co- 
ctohhhh BcejieHHoii |26j . CaM (paKT cymecTBOBaHHH BToporo 3aKOHa TepMOJiHHaMHKH no,n,pa3yMeBaeT, 
hto Ha^ajibHoe cocTOHHHe BcejieHHoii jjojijkho 6mjio HMeTb oneHb Majioe 3HaneHHe SHTponnn |27| . Co- 
rjiacHO STOMy 3aK0Hy, b iniKjinnecKHx MOJjejiax BcejieHHaa flOJDKHa yBejiHHHBaTbca b pa3Mepax ot iniKjia 
k HHKjiy |28j . ITpH o6paTHoii SKCTpanojiHHHH bo BpeMeHH sto npHBOflHT k toh ace caMofi npo6jieMe Ha- 
^ajibHofi CHHryjiapHOCTH, KOTopyro iniKJiHHecKHe MOjj,ejiH co6cTBeHHO h CTapaiOTca pa3peniHTb. JIiir Toro, 

HT06bI STOrO H36e>KaTb, H36bITOK SHTpOnHH flfUUKBR KaKHM-JIH6o o6pa30M H3bIMaTbCa H3 BcejieHHoii. Ha- 

npHMep, b MOflejiH ocinijijinpyiomeH BcejieHHoii BpayHa h (DpaMnTOHa [20] sto ocymecTBjiaeTca 3a cneT 
(paHTOMHOH TeMHoii SHeprHH h MexaHH3Ma flecpjiHHira. Abtopm stoh MOJjejiH npe,a;jiO}KHjiH, ^to b MOMem 
KajK,a;oro cjieflyiomero noBopoTa iniKjia ociiHjijiHpyiomeH BcejieHHOH ot pacninpeHna k cacaTHio ocTaeTca 

TOJIbKO OJJ.HH npH^HHHO-CBaSaHHblii y^aCTOK MHOrOo6pa3HH. OcTajIbHbie y^aCTKH CJKHMaiOTCH He3aBHCH- 

mo APyr ot flpyra b BH^e OT^,ejibHbix BcejieHHbix. IlpH stom h36mtok SHTponnn nojiHOCTbio H3biMaeTca 
H3 Haniefi BcejieHHoii b tot mombht, Korjj,a ot MacniTa6Horo (paKTopa ocTaeTca jinnib HHHTOJKHaa HacTb, 
nosTOMy BcejieHHaa HaHHHaeT KajK,a;biH nocjiejjyiomHH hhkji c npeHe6pejKHM0 MajibiM SHa^eHHeM SHTpo- 
nra. 06cyjK,naeMaH 3Jj;ecb MOJjejib coflepjKHT ropa3,no 6ojiee pa^HKajibHoe penieHne npo6jieMbi SHTponnn. 
A HMeHHO, Kax y»ce ynoMHHajiocb, b momcht HaH6ojibniero cscaTHa BcejieHHoii npocTenniHe HacTHH,bi 
TepaiOT Bee cboh CTeneHH cbo6ojj,m h hx n,eHTpbi nojiHOCTbio coBMemaroTca. IlosTOMy SHTponna Taxoro 
Ha^ajibHoro cocToaHna MHHHMH3npyeTca ((paKTH^ecKH, CTpeMHTca k Hyjiio), hto OTJinnaeTca ot o6me- 
npHHHToro cyjKjjeHHa o tom, hto SHTponna HHKorjja He yMeHbniaeTca [31j. Ho Ha caMOM jjejie, TaKoii 
pe3yjibTaT jiornneH h npocTO OTpaacaeT tot (paKT, hto SHTponna KaK MaKpocKonHnecKHii CTaTHCTHne- 
ckhh napaMeTp He mojkbt Hcnojib30BaTbca jj;jia onncaHHa oflHOSJieMeHTHoii MHKpocKonHHecKoii CHCTeMbi, 
Kaxoii HBJiaeTca CKOJiJiancHpoBaBHiaa BcejieHHaa, onncbiBaeMaa c noMombio nojieii |(8]). KoHenHO, SHTpo- 
nia stoh BcejieHHOH 6y^,eT hoctohhho pacTH Kax bo BpeMa <pa3bi pacninpeHna, Tax h c»caTHH. Ho b KOHH,e 
(pa3bi c>KaTHH BcejieHHaa HeH36e>KHO Boiijj;eT b BbiHieonncaHHoe ynopa^OHeHHoe oflHOSJieMeHTHoe cocto- 
HHne, 03Hanaiomee, hto nocjie KajKjjoro u;HKjia BcejieHHaa 6yjj;eT nojiHOCTbio o6HOBjieHa. TaKHM o6pa30M 
b Hanieii MOJjejiH npo6jieMa hoctohhho pacTymeii SHTponnn, KOTopaa xapaKTepHa jjjih MHornx h;hkjih- 
necKHx MO^ejien BcejieHHoii, nojiHOCTbio npeoji,ojieHa. no toh me caMofi npnHHHe 3^ecb He B03HHKaeT 
TaioKe h npo6jieMa npoH3BO^CTBa orpoMHoii SHTponnn Ha npe^bi^ymeM n,HKJie BCJieji,CTBHe o6pa30Ba- 
Hifl nepHbix ^bip |32] , BnepBbie B03M0»cH0CTb no^,o6Horo „xojioji,Horo"HaHajibHoro coctohhhh BcejieHHoii 
6bijia paccMOTpeHa 3ejibjj;oBHHeM h Hobhkobmm |33| . Ohh pacnHTajin ceroflHHHiHee 3HaneHHe SHTponnn 
BcejieHHoii, KOTopoe cooTBeTCTBOBajio 6m TaKOMy HanajibHOMy coctohhhio h HanuiH, hto hx pe3yjibTaT Ha 
yzjHBJieHHe xoponio coraacyeTCH c Ha6jnoji,aeMbiM 3HaneHHeM SHTponnn (okojio 10 9 Ha 6apnoH). B cjiynae 
fle CHTTepoBCKoro HanajibHoro coctohhhh aHajiorHHHoe 3HaneHHe 6mjio BnepBbie pacHHTaHO b pa6oTe |24] . 
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IIpo6AeMa „omcKOKa". B CBoe BpeMa JlncpniHi], n Xcljiclthhkob [34] o6cy»majiH B03MO»cHOCTb nepe- 
ceneHna MHpoBbix jihhhh npo6Hbix HacTnu; b oflHoii n toh see TonKe, ho c npoxoflOM mimo flpyr flpyra - b 
cjiy^ae Heo^HopoflHoii n Hen30TponHon MO,a;ejiH KOJiJiancnpyromen BcejieHHoii. B no,no6HOH MOflejin nacTn- 
nbi KOJiJiancnpyioineH BcejieHHOH npo,a,oji;<KaiOT flBHJKeHne b tom *;e HanpaBJiemin, n BcejieHHaa npe^CTaeT 
KaK-6bi „OTCKaKHBaromeH"(paciHHpfliomeHCfl) nocjie KOJiJianca. O^HaKO nepcneKTHBbi stoh MO^ejin 6biJin 
cepbe3HO no^,opBaHbi nocjie noaBJieHna TeopeM IIeHpoy3a n XoKimra o cnHryjiapHOCTn [35] . B HaineM cny- 
nae ecTecTBeHHbiii otckok jIn(pinHn,a-XajiaTHHKOBa mojkct nponcxoflHTb npn K 3 -Tonojiornn BcejieHHoii, 
Tax Kax ,i;aHHaa Tonojiorna no3BOJiaeT nepexofl ot (pa3bi cscaTna k <pa3e pacmnpeHna c MaKCiiMajibHoii 
CKopocTbio n 6e3 H3MGHGHHH HanpaBjieHna flBHJKeHHH npo6Hbix HacTHn; MHoroo6pa3HH (b 3tom cjiy^ae 
MHoroo6pa3ne npocTO BbiBopannBaeTca Han3HaHKy 6e3 H3MeHemia ero Tonojiorioi) . B otjihhhc ot sto- 
ro, rnnepccpepa § 3 hjih rnnepTop T 3 He MoryT roMeoMopcpHO nepeiiTH ot cscaTHa k pacinHpemno, nTO 
ocTaBjiaeT HaM tojibko o/niy B03MO>KHOCTb: Tonojiorna BcejieHHoii jjpjDKHa 6biTb Tonojiorneii K 3 . 

IIpo6jieMa, njwcKocmnocmu npocmpaHcmea. H3 Ha6jiKmeHnn cjie^yeT, hto BcejieHHaa ,n,oji;>KHa 6biTb 
npocTpaHCTBeHHO njiocKofi, nTO b cobp6M6hhoh KOCMOJiorHH paccMaTpnBaeTca KaK HeBepoaTHoe coBna- 
fleHne, Tax KaK njiocKaa BcejieHHaa aBJiaeTca jinnib HacTHMM cjiy^aeM cpe^n orpoMHoro nncjia ^pyrnx 
B03MOJKHOCTeii. B o6cyjK,i;aeMOH MO,a;ejiH ,a;aHHaa npo6jieMa peniaeTca 6e3 ncnojib30BaHna tohkoh Ha- 
CTpoinai hjih aHTponHoro npnHipina, KOTopbie o6biHHO ncnojib3yiOTca b 3tom cjiynae (cm., HanpHMep, 
[36j I37j hjih o63op coBpeMeHHoro coctohhhh npo6jieMbi b [30]). H3BecTHO, nTO MHoroo6pa3He K 3 npn- 

Ha^JiejKHT K KJiaCCy eBKJIH,H,OBbIX, H HTO OHO HBJIHeTCH KOHenHbIM H reO^eSHneCKH nOJIHbIM |38j . 3to 

03HanaeT, nTO jno6aa MeTpHKa Ha 6yTMJiKe Kjieinia KompopMHO SKBHBajieHTHa njiocKon MeTpHKe |39j , 
Bojiee Toro, b HaineM cjiynae rjio6ajibHaa reoMC-Tpna npocTpaHCTBeHHoro ceneHna SToro MHoroo6pa3na 
flOJKKHa 6biTb 6jih3koh k eBKjiHflOBoii Ha jno6oii CTa^nn SBOJiionira MHoroo6pa3na. 9to bh^ho h3 Toro 
npocToro (paKTa, hto b cjiynae c K 3 MHoroo6pa3ne b KajK^ofi CBoeii TonKe BMBepHyTO Han3HaHKy, Tax 
tito kphbh3hm „BHyTpeHHeii" h „BHeiHHeH" o6jiacTeii paBHbi flpyr APyry no BejinnnHe, ho o6paTHbi no 
3HaKy. Ha6jHOfleHHaa nojraaa KpnBH3Ha b TaKOM cjiynae 6y,a;eT noHTH paBHoii Hyjuo, 3a HCKjnoneHneM 
ocTaTOHHoro 9(p(peKTa, o6ycjiOBjieHHoro HajinnneM jiOKajibHbix HCKpnBjieHHii, cooTBe-TCTByioiinix MaTe- 
pnn (npocTeiiniHM HacTHu;aM n hx KOM6nHan,naM) . TaKHM o6pa30M, o6cyjK,a;aeMafl MO^ejib no,iipa3yMeBaeT 
hmghho njiocKyio BcejieHHyio, KaKaa h Ha6jno,n;aeTCfl b fleiicTBHTejibHOCTH |40] . 

Hapyuienue 3apsidoeou cuMMempuu. 06cy»maeMaa MO,n,ejib HBJiaeTCfl CHMMeTpn^Hoii b OTHonieHnn 
nncjia nojio>KHTejibHbix h OTpHijaTejibHbix 3apfl,noB (npaBaa h jieBaa nacTH PncH]), nocKOJibKy KajK,a;aa 
napa npoTHBonojio>KHO-3apa»;eHHbix nacTHH, paccMaTpHBaeTca KaK npoaBjieHne oflHoii n Toii »ce Tono- 
jiorHHecKoii oco6eHHOCTH. HapynieHne 3apflflOBoii chmmctphh b ^aHHOH MO^ejin mojkho o6 r bacHHTb, pac- 
CMaTpHBaa TpaeKTopnn npo6Hbix HacTHH; Bxo^flHi,ero n Bbixoflamero noTOKOB, cooTBeTCTByiomnx OTpHii,a- 
TejibHOMy h nojiojKHTejibHOMy 3apa^aM. 9th TpaeKTopnn pa3JiHHaiOTca TeM, hto npoxo^aT no pa3HMM 
o6jiacTaM - no BHyTpeHHeMy "h „BHeniHeMy" ceneHHSM MHoroo6pa3na K 3 . Pa3JiHHHe b TpaeKTopnax 
npHBOflHT k pa3HMM SHeprHaM 9thx flByx ceneHHH, noTOMy nTO, BBn,i;y Hajinnna BepxHero npe,a;ejia Kpn- 
bh3hm, 3th ceHemia b tohhocth coBMecTHTb flpyr c ,a;pyroM HeB03MO>KHO, n ohh Bcer,a;a 6y,iiyT HMeTb 
He6ojibniyio pa3Hniiy b oG-beMax (3a HCKjnoneHneM MmoBeHHoii KOHcpnrypaniin, cooTBeTCTByioni,eH (pa3e 
MaKCHMajibHoro c»caTHa). 3HaK pa3HOCTH MeyKflj sthmh SHeprnaMn MeHaeTca nocjie KajK^oro KOJiJianca 
MHoroo6pa3na, TaK hto, ecjin paccMaTpnBaTb nojiHbiii uhkji pacninpeHna-GKaTna, to CPT-cnMMeTpna 
BoccTaHaBjiHBaeTca . 

IIpo6AeMa zopu30Hma. B pa^e MO^ejieii npo6jieMa ropn30HTa peniaeTca (Hapa^y c HeKOTopbiMn flpy- 
riMi KOCMOJiornHecKHMH npo6jieMaMn) 3a c^eT npnHaTna rnnoTe3bi o nepeMeHHOcra (pyHflaMeHTajibHoii 
ckopocth B3anM0^encTBna |41[ 142] . B paccMaTpnBaeMoii 3flecb MO,a;ejiH BejinnnHa (pyHflaMeHTajibHoii 
ckopocth npe,a;nojioJKHTejibHO CBa3aHa co CKopocTbio noTOKa, (popMHpyiomero Bpamaiomeeca MHoroo6- 
pa3ne (cm. § 2). B pacninpaioineHCH BcejieHHoii c Bpam,eHneM KOJinHecTBeHHaa xapaKTepncTHKa Bpam,eHna 
yMeHbniaeTca |43j n, cooTBeTCTBeHHO, yMeHbniaeTca (pyH^,aMeHTajibHaa CKopocTb, KOTopaa HMee-T MaKcn- 
MajibHoe 3HaHeHne b MOMem, Kor^,a BcejieHHaa nepexo/iHT ot cpa3bi c»caTHa k pacninpeHnio n MHHHMajibHa 
Kor,a;a BcejieHHaa ,a;ocTHraeT MaKCHMajibHoro pa3Mepa. B HanieM cjiynae nepeMeHHOCTb cpyHflaMeHTajib- 
hoh ckopocth cjie^yeT H3 Heo6xo,iiHMOCTH coxpaHeHna MOMeHTa HMnyjibca Bpamaiomeroca MHoroo6pa3na 
|44j . TaK hto M0,nejib c xpomosjigktphhcckhmh npeoHaMn nojmocTbio npnHHMaeT b ce6a y»ce flOCTaTOHHO 
xoponio npopa6oTaHHyio Teopnio H3MeHaioni,eHca (pyHflaMeHTajibHoii ckopocth, KOTopaa aBJiaeTca o^hoh 
h3 ajibTepHaTHB CTaHflapTHoii HH(pjian,noHHoii MO^ejin n KOTopaa Be^,eT k npe^CKa3aHnaM nepTyp6an,n- 
OHHoro cneKTpa B03Mym,eHnn, oflHopoflHOCTn n njiocKOCTHOCTn BcejieHHoii, cxo^hmm c nojiynaeMMMn b 
paMKax HHCpjiaiinoHHon MO,n;ejiH [45]. 
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OopMupoeanue cmpyKmypu. noTeHiniaji ([9]) c HecTa6iiJibHOH CTainiOHapHoii to^koh b Haiajie ot- 
CHeTa xapaKTepeH TeM, hto b cnereMax c sthm noTeHiniajiOM chmmgtphh cnoHTaHHO HapyinaeTca. 9to 
npHBOflHT k pa3flejieHHio H,BeTHbix 3apa,iiOB Ha onpe,a;ejieHHOM STane pacniHpeHHH MHoroo6pa3HH h k 
caMOopraHH3an,HH sthx 3apa^OB b cjio>KHbie CTpyKTypbi. Ha^ajibHaa cipepHHecKaa CHMMeTpna nojia h 
MacniTa6HaH HHBapnaHTHOCTb HapyinaiOTCH xor^a pa3Mep BcejieHHoii BbipacTaeT ,n,o HecKCwibKiix e^HHHii, 
r , i.e. Koraa npocTeiiniHe ^acTHUbi, (popMnpyiomiie TpnnojibHbie CTpyKTypbi, nepexo^aT H3 HecTa6njib- 
Horo coctohhhh c SHepriieii E Q h Ry = b ocHOBHoe cocTOflHHe c paBHOBecHMM pa/niycoM Ry ~ 0.58 r Q . 
Ccpepii^ecKaa chmmgtphh HapyinaeTca noTOMy, hto y KajK^oro Tpnnojifl noaBjiaeTCH ocb BpameHHH, a 
MacniTa6Hafl HHBapnaHTHOCTb HapyinaeTca H3-3a Toro, ^to KOMnoHGHTbi Tpnnojia h6bo3mojkho y^ajiHTb 

H3 3TOH CHCTeMbI (CM. §4). 

^ajibHeiiniHH pocT pa3MepoB BcejieHHoii npHBO^HT k (popMnpoBaHHio cjiojKHoro nepenjieTeHHfl ne- 
no^ieK h KOJibijeBbix CTpyKTyp |23| . 9th CTpyKTypbi B03,neHCTByiOT CTOxacTHHecKH ,a;pyr Ha flpyra h Ha 
MGTpHKy npocTpaHCTBa-BpGMGHH, ^to c 6ojibniOH flOJieii bgpohthocth aojkkho OTpa3HTbca Ha nocjiefly- 
romeM (popMHpoBaHHH KpynHOMaciHTa6Hoii CTpyKTypbi BcejieHHoii tohho TaKJKe, KaK h b CTaH^apTHoii 
KOCMOJiorHHecKoii MO/iejiH [46, 47J. 

7 3aKjiK)HeHHe. 

Kax mm BHflHM, npe,a;jiaraeMaa MO,nejib ,n;aeT B03MOJKHOCTb peniHTb npo6jieMy KOCMOJiornHecKoii chh- 
ryjiapHOCTH h yxa3aTb Ha hctohhhk nponcxojK^eHHa Ha6jno,n,aeMoro b npnpofle Ha6opa sjieMeHTapHbix 

^aCTHH,. Mo^ejlb HMeeT BCTpOeHHbie e,Z],HHHHbI flJIHHbl, Bp6M6HH H CKOpOCTH, n03BOJIHIOIHHe o6oHTHCb 6e3 

BHeniHHx hjih BHyTpeHHHx HacTpaHBaeMbix napaMeTpoB. B paMKax stoh MO^ejin /niHaMHKy HacTHn; h hx 

KOMnOHGHTOB MOJKHO OnHCblBaTb B TGpMHHaX CTaHflapTHOH pGJIHTHBHCTCKOH MGXaHHKH H SJIGKTpOflHHa- 

mhkh MaKCBGJiJia. Hgcmotpa Ha to, hto xapaKTGpHbiii MacniTa6 paccTOHHHii mo^gjih bgpoathgg BCGro 
6jih30k k noita SKcnepnMeHTajibHO He^ocTHJKHMoii njiaHKOBCKoii fljiHHe, 3Ty MO^ejib b npHHinine mojkho 
Hcnojib30BaTb fljiH pac^eTa napaMeTpoB ropa3,n,o 66jibiHHx CTpyKTyp (TaKHx Kax, HanpnMep, HyKJiOHbi). 
IlosTOMy HHTepecHoii o6jiacTbio ^ajibHeiiiHero npHMeHeHHH MO^ejiH 6ya,eT nccjie^OBaHHe ee (peHOMeHO- 
jiorHHGCKHx np6,a;cKa3aHHii b MacniTa6ax a,a;epHbix h aTOMHbix CTpyKTyp - TaM, r^e 3Ta MO,a;ejib mojkgt 
6biTb npoBepeHa 3KcnepHMeHTajibHO y»ce ceihac. 

IIomhmo npo6jieM, ynoMjrayTbix b npe^bmymeM pa3,n,ejie, MO^ejib xpoMOSJieKTpn^ecKHx npeoHOB mo- 
>kgt npojiHTb cbgt h Ha ufijibm pa/; flpyrnx npo6jieMHbix acneKTOB, b ochobhom HMeiomnx othoihghhg 

K H^epHOH (pH3HKG H (pH3HKG SJieMeHTapHblX HaCTHU;, TaKHX KaK HepaSJIH^HMOCTb HaCTHI];, pOJKflaiOmHX- 

cfl b pasjiH^Hbix peaKiiHHx, jieBonojiflpH30BaHHOCTb hghtphho, MexaHH3M HapynieHHH 3jieKTpocjia6oH 
CHMMeTpHH, npoHCxojK/ieHHe npHHijHna HCKJiio^eHHfl IlayjiH, HHBapnaHTHOCTb Mace h 3apa^,OB ^acTHH, h 
HexoTopbix ^pyrnx. Ilpo6jieMa npoHCxojK/ieHHa Ha6jiro^,aeMoro pa3HOo6pa3Hfl ^acTHH, HMeeT OTHOineHHe 
k npo6jieMe e^HHCTBeHHOCTH BcejieHHoii [48J. Kax OTMeHajiocb b § 5, b HanieM cjiy^ae KOHCpHrypainia h 
^hcjio KOMnoHeHTOB b KajK,a;oii npeoHHOH CTpyKType onpeflejieHbi eflHHCTBeHHMM o6pa30M mhhhmymom 
KOM6nHHpoBaHHoro noTeHiinajia stoh CTpyKTypbi. CjieflOBaTejibHO, Ha6jno,iiaeMoe MHoroo6pa3ne ^acTnu;, 
KaK h hx BHyTpeHHne CTpyKTypbi, onpe^ejieHbi 0flH03HaHH0, h BcejieHHaH, CMOflejinpoBaHHaa c ncnojib- 
30BaHHeM nojifl |(3]) 6yn,eT reHepnpoBaTb Bcer^a o,a,HH h tot »ce Ha6op ^acTHH, c o^hhmh h TeMi xe 
CBOHCTBaMH. BajKHO 3aMeTHTb, ^to 3TOT Ha6op npe^onpeflejieH CHMMeTpneii SU(3)xU(l) nojiH, TaK ^to 
Bbi6op jno6oii flpyroii (pyHKijHOHajibHOH (popMbi SToro nojia (oTjiH^aromeiica ot, HanpnMep, SKcnoHeHini- 
ajibHoii (popMbi, Hcnojib30BaHHoii b flaHHoii pa6oTe) npHBe^eT jinnib k H3MeHeHHK> eflHHHD; MacniTa6a, h 
He H3MeHHT co6cTBeHHO cocTaBa Ha6opa lacTHH,. TaKHM o6pa30M, b paMKax MO,a;ejiH xpoMoajieRTpn^ecKHx 
npeoHOB Ha6jiroflaeMbie HaMH CBoiicTBa BcejieHHoii hbjishotck cjie^CTBHeM TpexMepHOCTH npocTpaHCTBeH- 

HblX KOOp^HHaT H O^HOMepHOCTH BpeMeHHOH KOOpfl,HHaTbI, ^TO H Onpe^ejIfleT e^,HHCTBeHHOCTb BcejieHHoii. 

B 3tom njiaHe He^ocTaTKOM MO^ejin HBjiaeTca HeB03MO>KHOCTb oGiacHeHHa npHHHH, KOTopbie npHBO^aT 
k TpexMepHOCTH npocTpaHCTBa. IloaTOMy 3Ty TpexMepHOCTb npHxo,a;HTCH nocTyjinpoBaTb, ocHOBMBaacb 
Ha SKcnepHMeHTajibHbix ,a;aHHbix. OcTajibHbie acneKTbi, ynoMaHyTbie Bbinie, mm o6cya;HM b ,a;pyrHx CTa- 
Tbflx, OTMeHaa 3^,ecb, ^to penieHne 6ojibiHHHCTBa npo6jieMHbix BonpocoB (pH3HKH ^acTHH, h kocmojiophh 
c Hcnojib30BaHHeM jinnib o^,Horo-flByx hcxo^hmx npHHD,HnoB npe^CTaBJiaeTCfl BecbMa npHBJieKaTejibHMM. 
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